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Hot Swap 0\m\ Gfls IflimBaiMl Hmt Onto Your Atofftite 



An InfiniBand**^ backplane 
distributes bulk power at 
12V DC to a number of 
■plug-rn modules, each having a 
DC/DC converter that steps the 1 2V 
supply down to the voltages required 
loca^y. A 1^ mn^m an each 
module ftoiato the cdoverter'i input 



capacitors during module phjg-in, al- 
lovk^ing modules to be added without 
disturbing others on the backplane. 
The requirements gover-nkig modole 
hardware design are found in the In- 
finiBand Architecture Specification, 
"•Mmm 2, fieteSse 1 .0. 

Rgtire 1 shows the cirajft. Pow- 



er is suf^ed frem the backplane at 
1 2V DC between VB_ln and VB_Ret. 
There are two control signals, VBx- 
fnjL (2Kive ^aw> dnd Local Powsr 
Enable (active high). The LTC1642 
Hot Swap™ controller IC performs 
fcwr funcMoTi* in flaw tinraft ft son^ 
trote pm, trana^or Q1 's gate in re- 
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FIGURE 1. LTC1642 INFINIBAND HOT SWAP CIRCUIT 



Note: LT, LTC and J^are registered trademaft^ 
of Linear Tectinology Corp. InfiniBand is a tradsrufH 
of InfiniBand Manufacturers Association, 



'^irriT. " 
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sponse to both signals; it lim- 
its Q1 's drain current; it mon- 
itors VB_ln for both overvolt- 
Mgs and undervoltage 
"Oonditions; and starts the 
DC/DC converter down- 
stream. The LTC1642 was se- 
lected because it can respond 
to two control Inputs and be- 
cause its voltage range suits 
the application's requirements. 
Atthough the backplane sup- 
plies 1 2V nominally, the Infini- 
Band specification requires 
steady-rtate operation to 14V 
DC and up to 16V for 1ms 
transients; this is satisfactory 
because the LTC1642 is fully 
specified for operation up to 16.5V. 
Its 33V maximum rating is an added 
benefit: capadtrve bypassing at 
VB_ln is limited to 5nF by the 
specification, so high frequency ring- 
ing to voltages substantially higher 
than 16V after "hot" module re- 
moval or a load short is to be ex- 
pected. 

During module plug-in, the cir- 
cuit operates as follows. The longest 
pins, VBJn and VB_Ret, mate first 
with the backplane. The LTC1642's 
OV (overvoltage) pin is pulled high 
by R2, holding Q1 off. OV is pulled 
low by R1 when the shorter VBxEn_L 
pin mates with the backplane, where 
It is shorted to VB_Ret, VBx€n_L is 
only asserted if the voltage at OV is 
less than 1,223V (±1 %), so 01 re- 
mains off if VB_ln exceeds tev DC; 
CI filters out ringing. The chip also 
monitors VB_ln for undervoltage 
condlttons through Ihe R3-R4 divider, 
holding the COMPOUT pin low 
when VB^In is less than 10V, COI\A- 
POUT tan be tied t6 the ON pin to 
lock out undervoltages on VB_ln. Lo- 
cal Power Enable is driven by an 
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FIQURE 2. WAVE F0BMS CURING INPUMIBAND MODULE PLUG IN 



InfiniBand Management Device, 
powered sepa/ately from a 5V auxil- 
iary. After assertion of both control 
signals, there is a delay of 20ms, 
which is proportional to C2, before 
Q1's source begins ramping. The 
ramp rate, 0.5V/ms (inversely pro- 
portional to C3), safely limits the 
charging current drawn by the 
DC/DC converter's input capacitors. 
R5 prevents self-oscillations in 01, 
which operates as a source follower 
while ramping. The R7-R8 divider 
monitors 01' s source voltage, with 
the RgSET output holding the 
DC/DC converter off until Ql's 
source voltage reaches 10V. 

R6 senses 01 's drain current. 
When its voltage drop reaches a lim- 
iting value, a control loop in the 
LTC1 642 servos 01 's gate voltage to 
prevent further increases in drain cur- 
rent. The loop regulates in 5ps to 
10ps after activation, safefy wittith 
the 20ps specification. R9 works with 
C3 to compensate this loop. 01 's 
maxiTTium allowed dfain current in- 
creases as its source voltage, sensed 
by the R7-R8 divider, increases. The 



voltage across R6 is limited to 23mV 
when the LTC1542's FB pin te 
grounded, increasing gradually to 
53mV when FB is IV or more. This 
"foldback" current limiting tends to 
equalize 01 's power dissipation dur- 
ing "hard" and "soft" shorts. If 01 
remains in current limit too long, it is 
latched off t o keep it from overheat- 
ing, and the FAULT output is assert- 
ed. The delay before latch-off is 1 ms, 
pftspoitfonat to C4. R1 is induderf to 
ensure that 01 eventually latches off 
after repetitive, transient current lim- 
iting individually lasting less ttian 
1 ms. To restart the circuit if D1 is 
omitted, either an InfiniBand Man- 
agement Device must detect the fault 
and toggle Local Power Enable or the 
bulk power to the module must be 
cyded off then on. 

The circuit was tested with a 
SOW DC/DC converter, LTC1628. 
Figure 2 shows an osditograph cap- 
tured during module plug-in. The 
delay from VBxEn_L assertion to the 
•converter's output Coming into reg- 
ulation is 73ms, safely within the 
500ms InfiniBand specification. ■ 
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2-Wire Bus Buifei. AJteLl^O™ ox SAdius to lie Hot %mi^^ 



Linear Technology introduces 
the LTC4300, a bi-directional 
bos buffer that allows cards 
with 2-wire interfaces to be inserted 
or removed under power without 
corrupting the signals. It acts as a re- 
peater by buffering the capacitance 
of additional components connected 
to the bus. Control circuitry prevents 
the backplane signals from being 
connected to the card until the bus 
is itfle or a stop bit occurs and a IV 
pre-charge reduces disruption on the 
bus when the circuits are connected. 

Summary of Features: 

• Bi-DirectioTial Buffer for SDA 
and SO. Lines 

• Prevents SDA and SCL 
Corruption During Live Card 
Insertion and Removal 
from Backplane 

• Ability to Isolate Input SDA 
nd SjCkiillts ftgniQ^yL 



The LTC4300 simplifies the task of 
using a 2-wire bus to manage a large 
number of cards in network server, 
desktop PC or telecom environment. 

With a 2-wire bus such as \^C™ 
or SMfius, each added component on 
the bus adds capacitance that slows 
the rise time of the signals. Adding 
stronger pull-up resistors makes It drf- 
ficult to meet the low logic level volt- 
age requirement. Hot swapping a 
card ii even more difficult because 
these added components corrupt the 
data when connected or removed. 

> Compatible withlV", I'C 
Fast Mode and SMBus 
Standards 

' Small A/ISOP 8-Pin Package 

> dV/dt Rise Trme Accelerators 
on All SDA and SCL Lines 

> Low Ice Chip Disable: <1pA 

> READY Open Drain Output 
1V Pre-Charge on iJI SDA 




FiaURC I.BUS BUFFEfl AiLOWS I C 
CAftDSTO PE HOT SWAPPED 

The LTC4300 iftdodes rise flme ac- 
celerators in combination with weak 
puU-up resistors meeting both the rise 
nme reqiirement and tow tegfc tevd 
voltage requirement. It is compatible 
with the I'C, Pc Fast Mode and SN\- 
BusStandai^s, A READY output and 
ENABLE input allow the user to hot 
swap the card yet keep it isolated un- 
til tti's needed. 

The LTC4300 is available in the 
MSOP 8-pin package taking up veiy 
little ^i^mt. M 



Load Share GantroKer Eliminates "OB"iflg Diodes for N+l Redundant Supplies 



Linear fehrrolc^ irttroduces 
the LTC4350, a controller that 
allows the load current to be 
ftcfu^y shared 8nio?^nwtt|:il«^w-- 
er supplies.. 8y u^igtioiitei-flTs 




fWiMfOB 1. LTC43SO SlMPllFffi^ VOttX} SMAftlNfi 
BCTWEEN MODULES 



ftod v«ry low V€ffw sense resistdrs, it 
provides over-voltage, under-voltage 
and reverse current protection with- 
out the teiMS asswdated wrth 
"OR" ing diodes. The LTC4350 iso- 
lates the power supply from 
output failures, provides a 
status indicator and allows 
the power supply to be hot 
swapped without turning 
off system power. The part 
communicates with other 
devices through a share bus 
and adjusts the power sup- 
ply voltage to assure equal 
load shwing umvg all the 
power supplies in high 



Summary of Features: 

• Load Share Cofjtrol for M+1 
Redundafiti Supplies 

• Allows Power Supply to Be 
Hot Swapped 

• Isolates Supply Failures from Output 

• Eliminates "OR"ing Diodes 

• Identifies and Localizes Output Low, 
Output High and Open-Circuit Faults 

• Controls Output Voltages from 
1.5y to 12V 



power and higti riefebility systeim 
such as network servers, telecom 
and base station equipment or oth- 
er distributed puw^aapfjly loca- 
tions. ■ 
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Ramp Three Supplies with a Supply Monitor and Hot Swap Controller 



Many multiply supplied 
digital ^rtems require si- 
multaneous ramping of 
supplies at power up. Since the pow- 
er supply usually consists of separate 
regulators for each voltage, it is im- 
possible to guarantee simultaneity of 
QiAput. The circuit shown in P'tgure 
1 ramps the outputs of three supplies 
and ensures tracking at power up and 
during recovery from a fault. 

Regulators invariably start up at 
different rates and different times 
hemi ofi Ofirent capabH^j fiNtef ca- 
pacitance and loop characteristics, so 
there are no guarantees as to how or 
when the outputs wid rise to that re- 
spective voltages. In this case, an 
LTC1 728-2.5 triple supply monitor 
keeps watch over each of three reg- 
ulated supplies (1 .8V, 2.5V and 3.3V). 
When all supplies rise to within ac- 
ceptable limits (typically within 7.5% 
of the nominal output voltage), the 
LTC1728 waits 200ms and then en- 
ables an LTC1422 Hot Swap™ con- 
troller. The LTC1422 introduces an 
additional delay of approximately 1 .4 
seojndsfirtd thwi tmepi flie ^t«s of 





Ft6Wi ft. fiMm d»Ai#cAM 



FIGURE 1. RAMPING THREE SUPPUES 

three N-channel MOSFETs, one in se- 
ries with the output of each supply. 
Figure 2 shows the relative timing of 
various waveforms during start-up. 

Arranged as source followers, 
the MOSFETI nominally track as the 
LTC1422 ramps a common gate 
node. The ramp rate is set by the 
GATE pin current and capacitor Q 
according to the equation where Icate 
is typically 1 7pA and Cq is selected to 
limltthe rate of rise and therefore the 
inrush current 
into afiy subse- 
quent load £a- 
pacitance. 
The highest out- 
put, 3.3V, is the 
last to reach its fi- 
nal voltage. Its 
condition is mon- 
itored by the 
LTC1422'SFB pin, 
which releases 
RESET when the 
3.3V MOSFET is 
My sn.' 



goes high after 1 .4 second delay and, 
in turn, initiates load activity. 

Faults 

Output faults are handled by the 
short-circuit limiting of each individ- 
ual DC/DC converter Nevertheless, 
if a fault does occur, the effects are 
short lived. If one of the regulators 
goes into current limiting, its output 
will fall and the LTC1728's RST out- 
put will go low. The LTC1422 then 
shuts off aJI of the outputs. This ef- 
fectively removes the fault from the 
output of the affected regulator The 
regulator output recovers and, after 
delays of 200ms and 1.45, the 
LTC1422 tries to bring up the load 
again. If the fault persists, the regu- 
lator output will droop and the cycle 
repeats. Diodes are included across 
the outputs to guarantee worst-case 
differential levels under catastrophic 
fault conditions. Note that to com- 
pensate for MOSFET drops, the reg- 
ulators are adjusted approximately 
iflj^^ higher than nominal. ■ 

Mole: LT, LTC and XT are registered tradernarks 
of Linear Technology Corp. InfiniBand is a trademark 
af *frft(ifi£tf!r3 Manufacturers Association. 
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